Electrocardiography is currently enjoying a considerable impetus arising in part from recent advances following the re-introduction of supplementary chest leads and, in part, from the development of readily portable and relatively inexpensive types of apparatus. However, the increasing availability and employment of this diagnostic aid impose more and more upon physicians the obligation of acquainting themselves with at least some working knowledge of this once esoteric subject. While many busy practitioners may find themselves denied the opportunity and time to learn to read electrocardiograms accurately in all their details, it does seem desirable and feasible for all who seek the assistance of electrocardiography to be familiar at least with the elements of interpretation, to learn something of the indications for the use of this laboratory aid, and particularly to appreciate some of its limitations.
Although the undeniably great usefulness of electrocardiography in the elucidation of the arrhythmias and in the detection of disturbances in conduction is generally known, it is a mistake to assume that the electrocardiogram offers the final and decisive word in cardiologic diagnosis. Every electrocardiographer has undoubtedly had the occasional embarrassing experience of being expected to render a complete etiologic, anatomic, and functional cardiac diagnosis, sometimes even a prognosis, from an electrocardiogram alone. In spite of the sensitivity and mechanical perfection of the electrocardiograph, it is not an omniscient machine and it cannot, like a divining-rod, be applied to a patient and automatically render a complete and dogmatic statement. Like all laboratory aids, this, too, is merely an aid with definite shortcomings, a knowledge of which considerably enhances the usefulness of this special-ized tool. It is the purpose of this communication to indicate some of the uses and, particularly, some of the limitations of the electrocardiogram in the field of its greatest current clinical interest, namely, in the diagnosis of coronary thrombosis. This is not the proper occasion to review in detail the different electrocardiographic signs encountered in occlusion of the various arteries in the coronary system. It may be helpful, however, to recall the dassical alterations more commonly encountered in ocdusion of the right and left coronary arteries.
The fairly characteristic electrocardiographic changes encountered in the standard leads in acute thrombosis of the right coronary artery, with infarction of the base of the left ventricle posteriorly, are illustrated in Figure 1 . Except for marked left axis deviation, suggesting preponderant hypertrophy of the left ventricle, record A is essentially normal, with the S-T segments at the isoelectric or normal base line and the T-deflections directed upward. On the day after this tracing was obtained the patient, a man 48 years old with a history of angina pectoris, suffered a typical attack of coronary thrombosis followed by fever, leukocytosis, and fall in blood pressure. Record B, taken two days later, shows the abnormal elevation of the S-T segment and the beginning inversion of T in lead 3, which are common signs of recent infarction of the posteror surface of the left ventricle. Nineteen days later the abnormal inversion of T in leads 2 and 3 of record C is classical evidence of the coronary incident. Also, significant but less constant and specific changes may involve the QRS complexes; namely, the development of a Q-wave in lead 3 (and 2), if they have been previously absent, and the replacement of an S-wave by an R-wave.2' 7 Record D, 7 weeks after the acute episode, shows the S-T segments returned to the normal base line, T in lead 2 has again turned normally upward, and the depth of the inversion of T in lead 3 has diminished. This record considered by itself gives little or no clue to the coronary thrombosis that had occurred but so recently, for a shallow inversion of T in the third lead alone is a not uncommon variation of the normal.1' 8 Thrombus formation in the left coronary artery, usually in the anterior descending branch, commonly leads to infarction of the anterior surface and apex of the left ventricle. Figure 2 illustrates deeper. Pronounced S-T segment elevation is a common observation in the first few days or weeks following coronary thrombosis, and as this segment gradually returns to the base line with further evolution, the T-wave inversion usually becomes deeper. Significant, but less constant and characteristic, changes accompanying left coronary artery thrombosis may be the appearance of a prominent Q-wave in lead 1. A general decline in voltage (amplitude of the waves) and the development of intraventricular block may also occur. The patient expired a week after the second record was obtained, and necropsy revealed the lesions that were anticipated from the electrocardiogram, namely, occlusion of the anterior descending branch of the left coronary artery, and a resulting infarction of the anterior and apical portions of the left ventricle.
In general, an effort at the approximate differentiation between left and right coronary thrombosis would seem justified, since some clinicians believe that a better prognosis for life and rehabilitation attend closures in the right coronary system.3 5
Chest Leads Recent experience has demonstrated that electrocardiograms obtained with at least one of the electrodes applied on the chest wall near the heart occasionally reveal the abnormal features of coronary thrombosis earlier or more decisively than do the standard leads alone. While many modes of application and nomenclature of chest leads have been used, with corresponding differences in the electrocardiograms obtained, we have favored leads recommended by the American Heart Association' and designated leads IV-R and IV-F. In the normal subject these leads yield an electrocardiogram that resembles a normal standard lead. Its essential normal features are well-defined positive or upwardly directed R-waves and T-waves (Fig. 3) . In coronary thrombosis the typical alteration in this lead, if changes occur, are prompt loss of the R-wave and ultimate inversion of T, as depicted in tracings B and C of Figure 3 . Our experience at the New Haven Hospital in the past four years has amply confirmed the added value of precordial leads in the diagnosis of coronary thrombosis.
It should be noted that chest leads are, in a loose sense, really supplements of lead 1 and that they are affected most markedly and typically by the so-called "anterior" myocardial infarctions, i.e., by closure of the left coronary artery. "Posterior" infarctions, involving closure of the right coronary artery, which are dassically manifested by inversion of T in lead 3, do not strikingly alter the chest leads; here, at most, an early transient depression of the S-T segment level and relative increase in amplitude of the T-wave has occasionally been regarded as of possible diagnostic significance. 4' 10 Latency of ECG Changes Followi4ng Coronary Thrombosis There is a widespread conviction that coronary thrombosis always reveals itself promptly and practically unmistakably in typical or even pathognomonic electrocardiographic changes. Reliance on this belief is sometimes the chief factor in deciding a differential diagnosis between acute coronary thrombosis and an acute abdominal catastrophe that may require prompt surgical intervention. Patients with clinical findings suggesting coronary thrombosis are sometimes acquitted on the strength of a negative electrocardiogram. That such absolute dependence on the electrocardiogram is unjustified and hazardous will be evident from the following series of cases gathered from our experience in the New Haven Hospital.
Case 1: M. R., male, age 67. Exertional dyspnea and angina pectoris for 2 years. Twelve hours before admission severe, constricting substernal pain, much worse than usual, with fear of dissolution. Recurrences several hours later with marked dyspnea and persistence of pain despite dilaudid injection; pain still unabated on admission. Exam.: Orthopnea and slight cyanosis. Heart enlarged; transient auricular fibrillation; heart sounds poor in quality and of "tic-tac" character. Abdomen distended. Blood pressure 125/90 (usual 140/80). Leukocyte count 20,000; temperature 1030 on 3rd hospital day. No chest pain after 2nd hospital day. ECG (Fig. 4) (Fig. 8 ) taken 2 hours after acute episode (Record A) was considered negative for the anterior infarction which was suggested 24 hours later in the disappearance of R in the chest lead (Record B), and which became established by the further evolution of the T-waves in the records obtained on the 3rd and 5th days (Records C & D).
It is apparent from these examples that a patient may suffer clinically typical acute coronary occlusion and yet the electrocardiogram may fail to reveal dear evidence of such a lesion for a few or many days. It is not permissible, therefore, to rely implicitly on the electrocardiogram for proof of a presumed coronary thrombosis, particularly in the first few days after the acute attack. If electrocardiographic aid is sought, and for reasons of convenience or expense only a single record is desired, it is preferable to obtain the record not immediately but several days after the acute episode. Even then the suspicion of coronary thrombosis based on typical dinical features should not be discarded merely because electrocardiographic confirmation is not obtained.
Difficulty in electrocardiographic interpretation is also encountered occasionally when acute coronary thrombosis is suspected in a patient with known antecedent coronary artery and myocardial disease. Such individuals, particularly those with angina pectoris, frequently present abnormalities of the QRS complexes and T-waves. A single electrocardiogram on such a patient, though markedly abnormal, may derive its abnormality from the underlying chronic heart disease or perhaps even from a prior coronary thrombosis. Under all these circumstances, comparison with an earlier electrocardiogram, or the study of a series of electrocardiograms taken at intervals of days or weeks may or may not reveal changing features, such as those noted above as characteristic of the evolution of the electrocardiogram after coronary thrombosis. The following cases illustrate this point:
Case 6: T. P., male, age 38. Substernal oppression with undue exertion for 5 years. Four days before admission suffered severe constricting pain for 2 hours over upper precordium; ensuing weakness necessitated a day in bed. Another severe attack on day of admission to hospital lasted 5 hours. Exam.: Prematurely grey hair. Ashen cyanosis of face and hands. Heart size, sounds, and action normal. Blood pressure persistently 100/60 to 110/65. Fever of 2 to 3 degrees during first week; leukocytes 12,000 to 18,000 per cu. mm. Precordial friction sound appeared 3rd day and persisted 10 days. Practically continuous precordial and substernal pain during first hospital week, with subsequent gradual general improvement. Sudden syncope and death 3 months after admission. ECG (Fig. 9 ) 5 days after acute onset (Record A) indicative of myocardial disease, but indeterminate for coronary occlusion. Three days later (Record B) positive for posterior coronary thrombosis, with typical further evolution of T-wave changes in a later tracing (Record C).
Case 7: E. S., male, age 63. Alleged hypertension for several years. Family history of cardio-vascular-renal disease. Paroxysmal dyspnea for 6 months. Three days before admission paroxysmal dyspnea again appeared and persisted until the following morning when a dull substernal pain developed and radiated over the precordium and down both arms. Pain and dyspnea persisted for the 2 days preceding patient's admission. Exam.: Obese, cyanotic, orthopneic and dyspneic, looked tired. Respirations of Cheyne-Stokes character. Generalized pulmonary congestion. Heart markedly enlarged to left, sounds of poor quality. Liver edge palpable. Fever and leukocytosis persisted throughout. Blood pressure fluctuated around low normal levels. Initial response to stimulants and oxygen was good, but congestive failure appeared after several days and patient was digitalized with some improvement. In the second week a left hemiplegia developed. After two episodes of collapse, when respirations and pulse temporarily ceased, patient gradually lapsed into coma and expired. Serial ECG's ( Fig. 10) were abnormal but relatively unchanging throughout. Records showed left axis deviation with slurred and slightly prolonged QRS complexes, indicative of myocardial disease and consistent with but not typical or diagnostic of coronary thrombosis. Necropsy: Multiple occlusions of coronary arteries, with mural cardiac thrombi, myocardial fibrosis. Pulmonary infarction (brain not examined).
Confusion in interpretation of the electrocardiogram may be introduced in patients receiving digitalis. This drug is generally known to depress the level of the S-T segments and may lower or even invert the T-waves in one or more leads. In view of such digitalis effects, decision as to the presence or absence of a "coronary inversion" of the T-wave may prove difficult, as in the following case.
Case 8: F. B., male, age 69. Patient had known hypertension for 3 years. Three weeks before admission he suffered dyspnea and severe squeezing pain uhder xiphoid, with recurrence 1 week later. Development of auricular fibrillation and the congestive failurc was treated with digitalis. On morning of admission patient suddenly became comatose and cyanotic. Exam.: Patient stuporous, dyspneic, and cyanotic. Pulmonary edema at right base. Blood pressure 130/80 in right arm, no readings in left arm, which was cold. Patient remamed more or less stuporous for weeks, and in spite of continued digitalis administration congestive failure progressed and patient expired in cardio-vascular collapse. Serial ECG's (Fig. 11) showed depression of the S-T segment levels and diphasic T-waves in leads II and III in all the records, with poorly defined T-waves in lead I throughout. These features could readily be attributed to digitalis effect alone, and they were so interpreted. Necropsy: Coronary arteriosclerosis, with organized thrombus in left descending branch.
It is desirable, therefore, to obtain the electrocardiogram before digitalis is administered; or, if the drug has already been given, information concerning this is needed by the electrocardiographer in evaluating T-wave abnormalities that may be encountered.
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